A KNOWLEDGE of the vagus and sympathetic nerves in health and disease is of great importance to the spa physician, and his interest in them is twofold. In the first place many of the patients who come under his care are suffering from a vago-sympathetic disturbance in one or more organs; in the second place the hydrotherapeutic measures, and the climate of the spa in which he resides, exert a beneficial or injurious effect through these nerves. Unfortunately the text-books do not deal with the subject in the manner most -suitable to the spa physician, and he has neither the time nor the opportunity to keep in touch with the growing literature. The aim of the present discussion is to bring together the views of those who have devoted special attention to different aspects of the subject, thus providing the practitioner with a useful guide to treatment. I have been requested to open the discussion, and my remarks will deal mainly with the foundation subjects, comparative anatomy and comparative physiology. They are based on obervations made in the Anatomy Department of the Zoological Society of London during the past four years. The detailed accounts of the nerves in various mammals have been published in the Proceedings of the Zoological Society for the years 1921-23.
Many of the effects of climate, which has greatly modified the character and distribution of animal life in the past, are due to the action of stimuli of temperature, light and variations in barometric and hydrostatic pressure on the cutaneous nerve-endings. And the effects of hydrotherapeutic measures are due to physical agents acting on the same structures. Impulses are set up which travel by way of the afferent nerves to the lower nerve centres. Some reach the higher centres, and Professor Elliot Smith believes that the large size of the human brain is partly due to the existence of innumerable nerve-endings in the skin. Fortescue Fox states that these impressions influence mental processes to a considerable extent. Fresh stimuli pass out from the nerve centres in different directions:-(1) By way of the vagus and sympathetic nerves to the organs. endocrine organs. The changes in the calibre of the cutaneous arterioles produce secondary changes of an opposite nature in the viscera. Afferent impulses also pass from the various organs to the nerve centres through the vagus and sympathetic nerves. The result of all these actions is a change in metabolism, which varies in character in accordance with the nature of the climatic and hydrotherapeutic stimuli. The various routes for the impulses are shown (see figure) .
It is common knowledge that many of the internal organs have an automatic activity which can be altered in many ways by extrinsic stimuli acting through the vagus and sympathetic nerves; and the effects of climate and baths are partly or entirely due to such impressions. If an organ is deranged these impressions will keep up the disordered action, and they are ably assisted in this harmful work by stimuli from other organs. During the war we treated cases of nervous and cardiac irritability resulting from shellshock and other causes by immersing the patients in a sedative pool bath, the temperature of which was that of the nerve-endings in the skin. Sooner or later the symptoms disappeared, and it seemed as if vagus action were favoured. Of course other conditions assisted in promoting recovery, but I believe that the water cut off the varying impressions which play continuously on the cutaneous nerve-endings.
When the vagus and sympathetic nerves in man are compared with those in lower animals it is seen that:
(1) Man has the most complex sympathetic system.
(2) The abdominal parts of the vagus nerves are more complex in some mammals, for their digestive organs are highly specialized.
In all mammals the vagus and sympathetic communicate in the neck, and branches which usually come from the vagus may be given off by the sympathetic (e.g., Dendrolagus ursinus). Of course the vagus filaments have passed through the communications. The reverse is the case in some carnivora, in which the entire sympathetic supply to the heart is contained in branches of the vagi. * Before considering the nerves in detail it is necessary to emphasize three points in regard to the actions of hydrotherapeutic measures. In the first place there are very few local effects, most of the induced changes being reflex in character! In the second place all applications, no matter how weak or transient they are, produce a change in the rate and force of the heart. In a former paper read before this Section I showed the charts recording the actions of different kinds of baths on the pulse. In the third place localized applications induce changes in the internal organs reflexly connected to the area of skin treated.
The effects of full baths are so well known that no description is needed here. The autonomic nervous system is divided into three parts, each of which is called into play by certain hydrotherapeutic measures. The bulbar autonomic is influenced by bathing the face and, possibly, by throat compresses. The thoracic outflow, or sympathetic proper, is aroused by the majority of general and local treatments; and the sacral part is influenced by hip baths, douches and irrigations.
The application of cold water to the face, particularly when it is applied as a spray, produces a gasp followed by a pause in respiration. The terminals of the trigeminal nerve are excited and a reflex is induced by way of the bulbar autonomic apparatus; the impressions are carried to the lungs by filaments in the vagus nerves, and vaso-motor changes are also induced in the mucous membranes of the head. Frodericq observed how respiration is arrested in diving birds when water is injected into the nostrils; and it is possible that the admission of water into the blow-holes of whales may stop the respiratory movements when the animals are submerged. In Ornithorhynchus the skin of the bill, which is supplied by the enormously-developed trigeminal nerves has peculiar tactile organs which, it is believed, enable the animal to know the depth of the water in which it is immersed.
The cervical parts of the vagus and sympathetic nerves are of interest to the hydrologist in connexion with the application of throat compresses, which are so beneficial in pharyngitis and laryngitis. The skin of the neck is supplied by 02, C3, and 04. These nerves communicate with the ganglia of the vagus and sympathetic, but the stimuli do not pass through the latter, which are grey rami communicantes. The detection of the path I must leave to the physiologists present. If, however, the application touches the face it excites the mandibular division of the fifth nerve and acts through the bulbar autonomic system.
The vagus, glossopharyngeal and sympathetic nerves form the pharyngeal plexus, which is closely related to the tonsils and vessels which form Waldeyer's lymphatic ring. And the reflex phenomena which are present in adenoids are probably due to irritation of the nerves forming the plexus. Moreover it has recently been shown that infection from the appendix produces lympbangitis in the plexus of lymph-vessels surrounding the solar nerve plexus, and induces various reflex phenomena. The inferior cervical ganglion of the sympathetic sends a thick nerve or a, bundle of filaments along the vertebral arteries; and it sends vaso-motor nerves -to the arms which are called into play by all arm baths. Branches also run to the cardiac plexuses, but in some animals these nerves lose themselves in the rich plexuses which accompany the branches of the aortic arch. In a chimpanzee I observed it sending a well-marked plexus of nerves to the thyroid gland along the thyroidia ima artery. Some of the vasomotor nerves to the arms arise from the fused inferior cervical and first thoracic ganglia in many animals. In Canis thous a large swelling on the vagus gives off the thoracic gangliated cord and sympathetic nerves to the fore-limb. The sympathetic innervation of the heart varies considerably. In man branches come from each of the cervical ganglia, but I did not observe a cardiac branch arising from the superior ganglion in any other mammal; a cardiac branch arose from the middle ganglion in each of the few mammals -in which that body occurred; and the inferior ganglion always gives off cardiac branches. The filaments reach the heart in one of three ways; they proceed ,directly to the cardiac plexuses; they are contained entirely within the vagus; or they get lost in the rich plexuses of the heart, and of the aorta and main vessels arising from it.
When the gangliated cords of the sympathetic in man are compared with those in other mammals several interesting differences are observed. Man has .a ganglion corresponding to each rib, and filaments run from most of the ganglia to form the splanchnic nerves. In many mammals the ganglia are not so numerous, and in several species the cords become the splanchnic nerves and end in the solar plexus; in these animals the abdominal cords spring from the solar plexus. In the cetacea the ganglia, which are very large, have the usual rami communicantes, but nerves are also given off to the rich rete mirabile within the thorax. All these elements form a complex neurovascular mechanism, which is called into play when the animals dive or rise to the surface of the ocean. When they sink the pressure on the skin is .enormously increased, and when they ascend again the pressure falls. This greatly subdivided arterial network receives blood from the skin when the animals dive, and the blood-pressure will not rise greatly. When a man dives -into cold water the cutaneous arterioles are constricted, and the arterial tension is so increased that a hemorrhage may occur if the vessels are brittle. If his arterial system were as divided as that of the whale the tension would not be great.
The cardiac branches of the vagi differ in man from those in lower mammals, for upper cervical cardiac branches are uncommon in the latter. In all mammals the thoracic parts give off cardiac nerves, and the left recurrent laryngeal nerve supplies twigs to the heart. It is, however, uncommon to find cardiac branches arising from the right recurrent nerve.
The anterior pulmonary branches of the vagi arise separately or as bifurcations from cardio-pulmonary nerves. The posterior pulmonary plexuses are formed by a breaking up of the vagus trunks, or, as is most frequently the case, by separate branches from the vagi. After the pulmonary branches are given off the vagi contain very few medullated fibres.
In the posterior part of the thorax the vagus nerves form a more or less complex cesophageal plexus. In the simplest form the two nerves send twigs to the cesophagus; but there is a more or less intricate fusion of the nerves themselves or of branches over the front of the cesophagus.
The vagus nerves end in several ways in the abdomen, but one of them it always runs along the lesser curvature of the stomach. The other terminates in one of the following ways:-
(1) It ends mainly in the stomach, and it sends a communication to the! solar plexus.
(2) It ends in one of the coeliac ganglia after giving off gastric branches.
(3) It communicates with the coeliac ganglia and spreads out in one or more of the offshoots of the solar plexus. In a specimen of Paradoxurus larvatus I observed it ending in the cecum.
In many animals the vagi give off plexuses, which usually come from the solar plexus.
Vago-sympathetic Plexuses.-In some animals it is very easy to trace a complete plexus along the whole length of the aorta and ending in the pelvis at one extremity, and connected to the cardiac plexuses at the other.
The components of the cardiac and pulmonary plexuses have already been described, and cardiac ganglia are well marked in several animals.
The solar plexus has one or more ganglia in most animals, but no ganglia, are present in the drill and baboon. Offshoots from the plexus accompany the various branches of the abdominal aorta in many animals, and the subordinate plexuses have been named after the vessels, which they accompany. In some animals the plexuses which come normally from the solar plexus are given off from the vagus, and the fibres contained in them are too numerous to be accounted for by the communications between the vagus and cceliac ganglia. In this connexion Gaskell's statement that the vagi below the pulmonary branches are composed mainly of non-medullated fibres must be; taken into account.
The pelvic sympathetic is built on the same plan in all mammals. The innervation of the endocrine organs is arranged on the same lines in all mammals. These organs have attracted much attention, but the influence of climate on their functions requires more investigation. Bolk, Keith, and others have shown that the characters of man and the anthropoids have been moulded by variations in their activities; and the characters of the various races of mankind are dependent to a great extent on their functions. It is probable that dietetic and climatic factors are the causes which have operated throughout the ages to determine the external appearances of man and the, apes. Dietetic causes have acted from within, and clirmatic factors have acted from without through the sympathetic and vagus.
A study of the comparative anatomy of the vagus and sympathetic nervesshows that much work has yet to be done by the physiologist. At present his investigations are carried out on a small series of animals. If he goes beyond that series and experiments on animals exhibiting extremes of anatomical specialization he will observe phenomena which will help us to understand how certain diseases are produced in man.
Sir WILLIAM BAYLISS, F.R.S. (London). Using the name "vagus " in an extended sense as meaning that part of the visceral or autonomic nervous system which is not included in the "sympathetic" outflow from the thoracic and upper lumbar segments, we notice& that most viscera and blood-vessels are supplied from both of these sources. There is, unfortunately, no satisfactory general name for the whole of the non-sympathetic visceral system. It is sometimes called " parasympathetic," which suggests that it is in some way subordinate to the sympathetic proper.
